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Peach roots March I7. Upper illustration, 65°: current roots more extensive but similar in quality to those at 55°; lower illustration, 75°: note dead cortex and fine laterals. These roots lacked succulence.
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NIGHTINGALE-APPLE AND PEACH
The usual microchemical methods (g) were followed and the reagents and range indicator method described by S1WALL (27) were used in determining the pH values of various plant tissues. In preparing permanent slides, already well recognized methods were employed that need not be described in detail. Material was fixed in Navashin's solution, dehydrated, imbedded in paraffin, sec-
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[MARCH average daily evaporation rate was considerably less in the lowland prairie at Union, as was also the wind movement.
Soils
The soil at the Belmont station is Lancaster loam, a mature upland soil of rolling topography derived from the Dakota sandstone formation. The samples were taken from a gentle north slope. The A horizon extends to a depth of about I6 inches; the B horizon lies between I8 and 30 inches; and the C horizon extends far beyond the range of penetration of the roots of the grasses. The surface soil is a very dark grayish brown loam about I 2 inches in depth, thoroughly interlaced with grass roots, well supplied with organic matter, and has a highly developed fine granular structure. It contains noticeable amounts of medium and fine sand and is very friable. The soil at I2 to I6 inches forms a transition layer, grayish brown in color, friable, increasing in compactness, clay content, and size of structural aggregates, the latter grading up to 4 or 5 mm. in size. Below this is the horizon of clay accumulation which extends to a depth of 30 inches. It is friable, light grayish brown in color, and shows occasional rusty brown iron stains. Grass roots are numerous but sma]l. The texture becomes much more sandy from the 30-inch depth to about 42 inches. There is little change in color except that rust stains and chalky spots are numerous. At the 42-to 44-inch level the sand is entirely rust-brown in color. Below this it is light grayish brown and is compact and cemented.
The soil of the Everett prairie is mapped as Wabash silt loam, a type frequently found in the bottomlands of eastern Nebraska. It is described as a dark grayish brown or dark brown to black, heavy, smooth silt loam, having an average depth of 24 inches, underlain by a more compact silt loam which is usually somewhat lighter in color (8). It is alluvial in origin; the topography is flat and the drainage was originally poor, but has been greatly improved by cleaning the drainage channels and constructing roads and ditches. Before the land was settled it was undoubtedly subject to frequent inundations by surface run-off from the higher land, and has been inundated, once to a depth of several feet, within the past 50 years. Mr. Everett has owned this prairie for more than 50 years and has seen the vegetation gradually change, as the result of improved drainage conditions, from slough grass to big bluestem.
The profile examined was found to have a surface horizon, about 6 inches in depth, of dark grayish brown clay loam having a fine granular structure owing to the action of the fibrous grass roots with which this layer is heavily interspersed. Although this soil is mapped as silt loam, the high hygroscopic coefEcients (I8.2 and I9.7 for the first and second 6 inches respectively) indicate it to be much heavier in texture. It is a heavy clay loam. The 6-to I 2-inch layer is less granular, lighter in color, and much lower in organic matter than the surface 6 inches. At the depth of I 2 inches there is a layer one-eighth to one-fourth inch thick of very light grayish brown material, sandier than the deposits above and below.
At the depth of I2 to 24 inches there is a horizon whose nearly black color, highly developed fine granular structure, and comparatively great thickness indicate that it was formerly the surface soil for a long period of time. It has the morphological characteristics of a surface soil more fully developed than has the present surface foot. The physical and chemical analyses confirmed this field observation. Compared with the 6-to I 2-inch horizon, the second foot was found to have smaller volume-weight and specific gravity and greater pore space, organic matter, and nitrogen content. The hygroscopic coeflicient, I5.6, indicates it to be somewhat less heavy in texture than the surface layers. It is believed that many decades have elapsed since it was first covered with the present surface soil.
Between 24 and 28 inches there is a transition to a zone of light grayish brown soil which extends from 28 to 45 inches. A few gray and rust-brown mottlings are present, indicating imperfect drainage. Grass roots are in evidence, but structural units are only slightly developed. At 45 inches there is a rather abrupt transition to a dark gray material of massive structure containing somewhat more very fine sand and silt than the horizons above it. Within this horizon, which extends from 45 inches downward to the ground-water level, are strata of slightly sandier texture and lighter gray color. The darker color and slightly higher organic content indicate that the 4s-inch horizon probably was once a surface soil for a long enough time to accumulate such a supply of organic matter. The slate-gray BOTANICAL GAZETTE [MARCH 4oo to many branches which extended more or less vertically upward or downward. Some plants, however, were found that grew vertically downward to 7 feet with little or no branching. Usually the horizontal branching habit and an irregular downward course were characteristic features. Below 5.5 feet there were few horizontal branches, and even the vertically penetrating ones were much less abundant. The stemlike underground parts were of a steel b]ue or black color, distinctly jointed, and except for threadlike roots were like the parts above ground. The roots arose from the nodes or near them, often in groups of two or three but sometimes singly. A few were branched. None was found that exceeded 2. 5 inches in length. In the deeper soil (usually below 5.5 feet) a type of branch arose from the horizontal stems that was apparently free from nodes, although the internal pattern, as observed with a hand lens, was similar to that of the stems. Moreover the short laterals arose irregularly all along the branch, sometimes at the rate of twelve per inch. While the underground stems were 6 to 7 mm. in diameter these roots were often only 4 to 5 mm. thick. Some were found that were thickly covered with a brown tomentum about 5 mm. long resembling root hairs. Numerous roots penetrated to a depth of 7.5 feet.
All roots were separated from the soil by a process of repeated washing, after the blocks of soil had been transported to the greenhouse. It was estimated that less than I per cent of the roots was lost, a negligible amount considering the variation in root distribution in the prairie. The samples for the determination of organic matter and nitrogen and those for the determination of volume-weight were taken only a foot or two distant from the excavation made in securing the soil containing the roots. The samples for organic matter and nitrogen amounted in each case to several kilograms. They were dried and screened through a sieve of 4 meshes per inch, all roots and rhizomes being cut into pieces and mixed with the soil without loss. After thorough mixing of the large bulk sample, a I pint subsample was taken. The pint sample thus obtained was passed through a 2 mm. sieve, all roots being ground and retained as before. No gravel larger than 2 mm. in diameter was found in any of the samples, except an insignificant amount (less than o. 2 per cent) in the 2-to 4-foot depths of the Lancaster profile; these larger particles were discarded. The pint sample was again subsampled, about IOO gm. being taken and ground to pass through a I mm. sieve. This was used for the moisture equivalent and hygroscopic moisture determinations. Another IOO gm. portion was ground to pass through a 0.25 mm. sieve for the determinations of organic matter, nitrogen, and specific gravity.
Methods of analysis
The root materials were ground in a Wiley mill with a 2 mm. sieve. The organic matter of the roots was determined by ignition in an electric furnace. Nitrogen in the roots and soils was determined by the usual Gunning method (3). Organic matter in the soils was determined by a modification of the hydrogen peroxide method of ROBINSON (9). Duplicate determinations agreed within a few hundredths of I per cent. RUSSEL RUSSEL and MCRUER (I3) in grassland soils, the nitrogen and organic matter decrease regularly with depth, the bulk of the organic matter being confined to the sllrface foot. In the first and second 6-inch sections, the organic matter and nitrogen contents are in agreement with those follnd by these investigators for soils of this texture in this part of the state; in the lower sections the organic content decreases more rapidly as a result of their sandy texture. The organic matter-nitrogen ratios throughout the profile are typical of the upland soils of this region.
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The percentage of organic matter and nitrogen in the second foot of the Wabash silt loam is considerably higher than that in the 6-inch section just above it, correlating perfectly with the field observation that this layer shows the characteristics of a well developed surface soil. In virgin prairie soils, a higher nitrogen content is never found in a lower layer than in layers above, except in cases of buried soil profiles or where silting by wind or water has occurred comparatively recently (I3). The ratio of organic matter to nitrogen shows a tendency toward that of the surface soil, for although the ratio I6.6 is perhaps not significantly higher than the ratio I6.2 in the second 6 inches, yet if the profile showed the characteristics of a mature soil, the ratio in the second foot should be significantly lower than I6.2. This is illustrated by the organic matter-nitrogen ratios of the Lancaster loam.
The relatively high values for the organic matter-nitrogen ratios of the lower 3 feet of the profile are believed to indicate that the 4-foot level also was at one time a surface soil. The slightly higher organic content of the fifth foot in comparison with the fourth foot is in agreement with this conclusion. In the field a rather abrupt change in the appearance and properties of the soil was obsersred at approximately the 4-foot level.
It seems remarkable that the soil organic matter should retain its characteristics after being buried and subjected to decomposition and weathering for a period that was undoubtedly several hundred years in duration, but the data in table II The high organic matter of the roots and short rhizomes of the little bluestem in the surface foot of soil is probably due to the presence of stored food reserves. The lower figures in the second and third foot may be due to decortication of the older roots in these sections, while the increase in the fourth foot may result from this portion of the root system containing the younger and smaller rootends which often have a relatively larger proportion of living tissues. * This includes also the rhizomes of the grasses all of which occurred in the surface 6 inches of soil.
In the Wabash profile it was possible to separate the grass roots from the non-grasses and in the surface layer to separate the grass roots from the rhizomes. The dry weight, organic matter, and nitrogen in these roots and rhizomes are shown in table IV. In the fifth foot and deeper, the quantity of grass roots alone was too small for analysis, hence the grasses and non-grasses were mixed. The organic matter in the non-grasses above the fifth foot varied from 78 to 88 per cent, with no consistent relation to depth. The high organic matter and nitrogen content of the rhizomes, 94 and o.73 per cent respectively, may be attributed to their store of food reserves. The organic matter of the grass roots in the surface 6 inches, 74 per cent, was found to be considerably lower than in the deeper horizons, where the figure varied from 8I to 9I per cent. This may be due to the high degree of decortication of the older roots in the surface layer and to the leaching of soluble organic matter from the dead and -grasses 42 .6 .........   ..........  .........  ..........  .........  ..........  .........   Grasses I4 .0 .........   ..........  .........  ..........  .........  ......... -grasses I I .4 .........   ..........  .........  ..........  .........  ..........  .........   Grasses 2 .6 .........   ..........  .........  ..........  .........  ......... permit several conclusions to be drawn concerning the relationships between the depth in the soil profile, the quantity of organic matter present, the quantity of roots, and the type of decomposition of the dead root material. It should be borne in mind that the "soil organic matter" of the tables includes that of the root material. This is the case because in the routine preparation of soil samples for analysis it is not practicable to remove all of the root material from the soil, nor is it possible to remove a part of this material without introducing the factor of personal judgment as to how much of the coarse roots should be sifted out and how much should be retained. The only simple method of avoiding the personal factor is to retain all of the root material, and this is the usual procedure in obtaining and preparing soil samples for analysis. In the surface soil, according to table V, approximately one-tenth of the "soil organic matter" consists of plant roots and rhizomes, so that whether or not they are included as a part of the soil sample is a Figure IO shows graphically the relations between the depth in the soil and the ratio of soil organic matter to the organic matter of the roots throughout each of the two profiles, and illustrates the fact that with increasing depth the mass of the roots becomes decreasingly important in proportion to that of the soil organic matter. The ratio of soil organic matter to the organic matter of the roots is roughly a linear function of the depth in the Lancaster profile. This is also true in the Wabash profile to the depth of 5 feet, but in the sixth and seventh foot the quantity of soil organic matter is far out of proportion to the quantity of roots. This is probably due to the excessive water content and deficient aeration which tend to inhibit the complete decomposition of organic matter and preserve it in the soil in the partly decomposed or humified state. The same statements apply to the relation between the depth in the profile and the ratio of soil nitrogen to root nitrogen which is not shown graphically because of its similarity to the organic matter relation.
The point corresponding to the 3-foot depth in the Lancaster soil deviates widely from the other points in this profile with respect to both organic matter and nitrogen ratios. This is believed to be due to the fact that the third foot is a sandy horizon, very permeable to grass roots, and capable of holding sllH;cient water and air for the rapid decomposition of dead roots. These conditions might be expected to result in the presence of a relatively large mass of living roots and a small amount of dead residues.
The quantity of roots found at any level in the soil depends to some extent on the fertility and physical properties of the soil, but is principally dependent upon the nature of the plant, unless the soil departs widely in parts of the profile from the conditions of texture, structure, fertility, and moisture usually found in the grassland soils of this region. In the case of the Wabash soil, it is evident that the organic matter of the soil has had no great inflllence on root development, for the 6-to I2-inch level contained 2. "It could not be otherwise; were the carbon content too large in relation to the nitrogen, the soil would not be in a condition to support plant growth, as long as this excess lasted; the microorganisms using the carbon as a source of energy would assimilate every trace of available nitrogen that would otherwise be made available for the growth of higher plants. Were the nitrogen content too large, ammonia would be rapidly liberated and then transformed to nitrates and either leached out or assimilated by higher plants. " WAKSMAN has estimated the carbon-nitrogen ratio of fungus mycelia to be about g or I0, and that of bacteria about 4 or 5. Undecomposed plant material has a ratio varying from 20 in legumes to 80 or more in wheat straw. The carbon-nitrogen ratio of the soil may thus be considered an index of the relative amounts of undecomposed plant residues, fungi, and bacteria present. SIEVERS and HOLTZ (I4) have called attention to the fact that virgin soils have a wide ratio and that under cultivation the ratio tends to become narrower, as illustrated by the following table: Virgin soil .................  I3 . I I2 .5 I I .3 I4 .0  Cropped 40 years .................   9 4 II .3 II .0 I2.0 
4I6
BOTANICAL GAZETTE [ 
MARCH
The carbon-nitrogen ratio in cultivated or fallowed soils, according to these investigators, tends to approach g as a minimum value. This is due mainly to the smaller supply of decomposable material returned to the soil each year, and probably to some extent to the more favorable conditions for decay in the cultivated soil. ALWAY The organic matter-nitrogen ratios throughout the Wabash profile, shown in table II, are essentially those of surface soil. They appear to indicate that where the surface soil has accumulated organic matter and then been buried under fresh sediments, the organic matter so buried retains the characteristics of surface material for a long time. The explanation for such behavior is difficult to find. It may be tentatively suggested, without definite experimental proof applied to the conditions existing in these soils, that the surface type of organic matter contains a large proportion of lignins and ligninlike materials, non-nitrogenous substances which are resistant to decay. According to WAKSMAN and IYER (I7), the lignins will combine with proteins, forming complexes that are highly resistant to decomposition, and which may be expected to persist in the soil unchanged for a long time. Decomposition would be especially slow in soils nearly saturated with water, as in the lower layers of the
